ne3eTR><z6T 4 , DESCRI PTI ON MAGNETI C RECORDI NG MEDI UM METHOD OF
* MANUFACTURE THEREFOR, AND MAGNETI C READ/ WRI TE APPARATUS Technical Field The
present invention relates to a nagnetic recordi ng nmedium a nethod of

manuf act u and a magnetic read/ wite apparatus Ugj M“\
magneti c mﬁlummﬂmm‘MM'dl um This applicaiion is based on pat W\Nﬂ&\mﬂm ‘ on
No. 2001- 247820k | ed i n Japan, the content of which is incorpotgied herein
by reference. Background Art Most magnetic recordi ng nedia now comrercially
avai | abl e are in-plane magnetic recording nedia wherein the axis of easy
magnetization in a magnetic film iBE§EeREFBION oriented parallel to the
substrate. In _an in-plane nagnetic recording medium there is a possibility
Lhat t he VMPGREEBIC RECOIIING MRV VP H QI STty UeR Ukel HEREF Bifng
density is increased and n%%netic read/mw%#e characteristics are

deteriorated by the t he b MAQEE Tlst READEMRIEE ATHARA i um noi se i ncreases

under the influence of diamagnetismat the boundary of recording bits when
the recording density is increased. In a so-called perpendicul ar nagnetic
recordi ng medi um of which the axis of easy magnetization in the magnetic
filmis generally oriented perpendicular to the substrate, in contrast,
recordingﬁgﬁggﬁﬁh& domai ns that have cl ear boundaries can be forned due to
| ess infl uence of genagnetizing field at the boundary of recording bits

even when Lhe regas dlgi I80RalS b DELEASROuc Ao biRRRROL liglise can be

reduced. Moreover ‘since the recording nsity can-be increased even if the
vol ume of ,Bijgcthi® thGhRL M8 lamd AL GCreall RRitD BpRERHE Gdth@he magnetic recording

medium.
This application is based on patent application No. 2001-247825 filed in Japan,

the content of which is incorporated herein by reference.

Background Art

Most magnetic recording media now commercially available are in-plane
magnetic recording media wherein the axis of easy magnetization in a magnetic film is
generally oriented parallel to the substrate.

In an in-plane magnetic recording medium, there is a possibility that the volume
of recording bits will be too small when the recording density is increased and magnetic
read/write characteristics are deteriorated by the thermal fluctuation effect.  Also medium
noise increases under the influence of diamagnetism at the boundary of recording bits
when the recording density is increased.

In a so-called perpendicular magnetic recording medium of which the axis of easy
magnetization in the magnetic film is generally oriented perpendicular to the substrate, in
contrast, recording magnetic domains that have clear boundaries can be formed due to less
influence of demagnetizing field at the boundary of recording bits even when the recording
density is increased, and therefore noise can be reduced. Moreover, since the recording

density can be increased even if the volume of bits is relatively large, the perpendicular



magnetic recordi ng nedi um has high thermal stability, resulting in nuch
attention being given to the perpendi cul ar magnetic recordi ng nmedi um
Consequently, structure of a nmediumsuitable for use in perpendicul ar
magneti c recordi ng has been proposed. Recently, there has been increasing
demand for high-density recording in mggnetic recording nedia. For this
reason, a magnetic recordi ng nmedi um has been proposed in which a | ayer made
of a soft nmagnetic material, called a soft back layer, is provided between
a perpendicul ar magnetic filmthat serves as a recording |ayer and a

subst r at enagyeésrecerdingynedismt s highftherimahstpbibty, tasulting dwmath etientieadsing ¢ 1 ux
bet ween a single pole type head, and the magnetic recordjng nedium in order
to use trgeveglitﬁ@hedwgieﬂnéwﬂlfa@@w%% Wﬁ@féwgﬁﬁ%d?‘liﬂ’ghcéa%?ﬁbi:ﬂtb’t strusturgPf i ng i n

t he perpendjcul ar magnetic film_ However, . even Mh%n Ehe soft back | ayer is
pr ovi ded MadhEN seighdt 108 UpiRgIEHcAgiCHBEMIFN AISIECHBNE AT BCDIIPRISEET or y

per formance in _read characteri,stics stabilit and the

it , I ,
resol uti on, anélef%(yyﬂ%%eﬁwabﬁagwaeﬁﬂng é@a?reﬂt ﬁg%aeawwa?rd@ frproved in
thesc characteristics has begn Eesired. Jﬁgﬁﬁese Qﬁtent Agﬁficgtion, First
Publ i cat |“6ar¥3’e‘1\%‘.e°%rﬁ&}’%”§?‘§i-0| TIPS SEASEL 3 TBARDGHC EFoRtng Mediuptas BNt "t o a
di cu . ) . , - ti
Per pend SHbReAORTLD § bl FuBP S Sl AR JIRLEA. Alea FUPEI LN mmonet
q : PYTIN ; ) : e b . bility,
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present isfy@Rtd {hsh@inHeoo RIS RYbIAL Bl 8 thetMRIneRE AR bliVeBl Q¥ingdR a
magneti c recording nmediumthat is Capable of recordi ng and readi ng back

i nf or mat ipglk tgpe Bealiaa @ie HBRRIE YeddydihgHeaMind)Gn bider foa@gdhivg difige pbRIAcS eri stics
and thermal stability, a nethod of manufacture therefor, and a magnetic
read/ w i headwhizh atsiBigh Tapadlity @ evriting ivtjegetpetiésalar bagnakoile,. t he present

i nvention enpl oyed the foll owi ng constructions. 3 The magnetic recording
medi um of the ploeseat cvanvelndni the safo hpkilsws isprovidadtthamagnétentatriliog cont r ol
filmthat controls the orientation of a film provided directly thereabove,
a per pendiediin doepeph dayecsatiplagiprioperfgimancet ip seagividteshaiggisiistigggiermalat i on i s

general ly orient per pendi cul ar to a non-nagnetj c substrate, and a

prot ect i \?‘ég’flf% ﬁ{lgﬂﬁaﬂes H‘@%P%‘Lﬁ‘ﬁ@é‘”@ﬁ I’E“?’ﬁé‘eﬂ‘cfg‘?-cﬁﬁjlg‘h‘:’e‘ﬁ“le ug‘ﬁgg&lﬁ Heovether ei n
t he perpendi cular magpetic filmis nmade of a material which contains Co,
Cr, Pt aﬂbgﬁﬂdeﬁgg%gggﬁﬁFéﬁ?l%EPH% 16 at%to 24 at% and the Cu content

bel ng O: 1 2% Yol AQEASRORL YAnIAEE idhodh b, BETPECL Gl o

magnetic f1111 erng a ( negative nucleatior Hn)
bei ng O %)astthigégﬁﬁlgﬁf) to a?ﬂl\c/glge%gfcﬁtdr %a%ﬁctfce@lhg%ﬁag% gpz%ﬁ@@f #atehan (M) to

saturation nagneti zation eing at | east e perpendi cul ar

nmagnet i ¢ HowleRD iR hglty rb@sdiag Heda@Nh&¥mdlY guipckidicat Ao Qnéde ati%tropy Pt
content from14 at%to 24 at% and a Cu content fromO0.1 at%to 3 at% The
per pendi costnt Bagindtwas ifidulffieieyin eqadpriits ehatctbiears andeheahalGodbilry Cu al | oy,
CoCrPtCuTa all oy, CoCrPtCuB alloy and CoCrPtCuTaB alloy. In the present
invention, a hard nmagnetic filmmde of a hard nagnetic material can be
provi ded between the non-magnetic substrate and the soft nagnetic undercoat
film | nDitséospreeafdnvenitintent i on, a magneti zing stabilization film made of a
soft magnetic material can be_provided above the perpendi cul ar nmagnetic
film The met hbadertheabameAcEFicASIIEUMBIgRResi e PEsHH AN YFGLIAR AR LPACBMAdRe
present inventi.on conprises farmng at. |least an aorientation control film
Phat confRoRLORIRG (Pehis Gt bigh O f el iinissPeineBadiuim B s Gkl dabove,

di | ar. [ i l.m of ich i f | i i i,
G PRI EACHESE ST A e TN
tecti fi . z t] i t ] t hat
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C, Pt a ; content is 16 at%to 24 at% and the Cu content is 0.1
at%to 4R%Q§§“8%€&¥%%% a coercive force (Hc) of the perpendicular magnetic

filmis at | easd ,dROUHEbbjeRQRAIDER aBUE, BRUAERNT InSbdidn ddPiod e 6 0€) to
2500(Ue), and a ratio of residual magnetization (M) to saturation

magnet i zgjjo¥ind Mpktrh&igt. | east U 85. The magnetic read/wite apparatus of
the present invention conprises a nmagnetic recordi ng medium and a magnetic
head that records information on the nmagnetic recordi ng nmedi um and reads
back the informati on wherein the nmagnetic head is a single pole type head
and the magnetic recording nmediumconprises at |east an orientation control
filmthat controls the orientation of a filmprovided directly thereabove,
a perpendi cul ar magnetic film of which the axis of easy magneti zation is
generally oriented perpendicular to a non-nmagnetic substrate, and a

. N o - N . I



Fig. 1 is a partially sectional view showing the first enbodi nent of a
magnetic recording nediumof the present invention. Fig. 2 is a graph
-showi ng an exanple of a MH curve. Fig. 3 is a graph showi ng anot her exanple
of a MH curve. Fig. 4 is a partially sectional view show ng the second
enbodi nent of a magnetic recording medizim of the present invention. Fig. 5
is a partially sectional view showing the third enbodi nent of a nagnetic
recordi ng medi um of the present invention. Fig. 6 is a schematic strutiral
vi ew showi ng an _exanple of a nmagnetic read/wite apparatus of the present
i nvention. (a) HWGWQGH@I@ﬁtqlfi*@n%lﬂmfdh%mem”("ﬁ}ltl@hwléeﬁﬁ‘glﬁ@ﬂ% head.
Best Mbde for Carry t the Invention 5 FI? 1 shows the first
enbodi merﬂlleafatlphéow@gfémth?tmmlﬁ it ormretich ghedile reedidrirgindareabrghown
here has a str (w§1e in mh%F ? of t gne ic undercoat film2, an
or i ent at i MFTRGIHGE PaenRHOstilny, Pl the 418 OF 43 RERCUIZRTIGR i@l ar
magnetic fil , tive filmas, d.a |ubri f|| 7 are r med
on°a non-Gisgicie el & 116 m&%ﬂ%éﬂﬁ%ﬁ%@ Aeprelyp Epmotl dre Blinedl 1
substrate o ngr i sin m unlorcﬁ %nlnun1alloy
al

e u Qo O Med e BN R i JRh Bl R iR e Pra kT A Halafd
malerial \SHGA%0) A3RnceLAT Bl b SRDC ShIARBAAKDIAS, 91 FATROT,ITRY e
anpl'es

used. Ex ass’ s rat € 1 ncl dde anor Bhous g 438"3{bstrate and

crystall '@1?901@1@%§1In§l®b15£t%a{094 athss ah N8 c@&elvg ff&g@ (I%)ab? $he SEPEIRIRTOPRASE

soda-lime gl ass um nocste gl ass and alum nosil’icate gl ass can be used.

As the crijafsdihd #€6hsgb@FROe), nbdHtivEmhyPRioar ¥edd abin) B&dp 0(@®30 2300(0R) Used. As
the ceramc substrate, a sintered body contai ni ng general - pur pose” al um num

oxi de, alawaiinuniedidunl degrerizaioni (MM todaturhitken Asgrckigation) (Ms) emgtat led&L §s.or a
fiber-reinforced products thereof can be used,

The perpendicular magnetic film preferably has a Cr content from 18 at% to 24
at%, a Pt content from 14 at% to 24 at%, and a Cu content from 0.1 at% to 3 at%.

The perpendicular magnetic film may comprise at least one of CoCrPtCu alloy,
CoCrPtCuTa alloy, CoCrPtCuB alloy and CoCrPtCuTaB alloy.

In the present invention, a hard magnetic film made of a hard magnetic material
can be provided between the non-magnetic substrate and the soft magnetic undercoat film.

In the present invention, a magnetizing stabilization film made of a soft magnetic
material can be provided above the perpendicular magnetic film.

The method of manufacturing a magnetic recording medium of the present
invention comprises forming at least an orientation control film that controls the
orientation of a film provided directly thereabove, a perpendicular magnetic film of which
axis of easy magnetization is generally oriented perpendicular to a non-magnetic substrate,
and a protective film, on the non-magnetic substrate, while controlling so that the
perpendicular magnetic film is made of a material which contains Co, Cr, Pt and Cu, the Cr
content 1s 16 at% to 24 at% and the Cu content is 0.1 at% to 4 at%, and that a coercive
force (Hc) of the perpendicular magnetic film is at least 3000(Oe), negative nucleation

field (-Hn) is 0(Oe) to 2500(0e), and a ratio of residual magnetization (Ivir) to saturation

magnetization (Ms) is at [east 0.85.



As the non-magnetic substrate 1, it is possible to use one of the
"above-nentioned netal substrates or non-netal substrates on whose surface a
NiP filmhas been formed using a plating nmethod, a sputtering nethod, or
the Iike The soft magnetic undercoat film2 is provided in order to

i ncrease the perpendicul ar conponent of4the magnetic flux fromthe magnetic
head and to establish nore firmy the magneti zati on of the perpendicul ar
magnetic filmb5, that records the information, in a direction perpendicul ar
to the substrate 1. This action beconmes nore prom nent when using a single
pol e type head bt mpgreienendiuritsrappaiaBis of Hig Riesent indemjoRrcoinPrigeighiagnetisead.
The soft magnegtic under coat fiLnHZ is made of .a saoft gnetic materjal. As
the mat er f&PTdingenedam and pepegnets 1%#&3%1‘5‘?%5 pEOrmfion pn H RaHICHE ISFOEUNE
Exanpl es of .the nateri.al

ol oys. { Feed Rt vct fls i q?@ffi%r%é%%%ﬁ? L R P T
FeNi Si 6 |i FeAl FeAl , FeAlSi, K .FeAlLSi Cr | Si Ti Ru,
FlilAI O andbeHet edprbbrecsffine B RTeImiEges 4 l?aslﬁs@&eﬁéw' %%gOFﬁ@affialf IFETa
FeT ; T ] i ,
Fezr” ol | oyariokeS RenETTRd 41 prao el iipouy BN Y BesbRIERREHE ' Fob
al | oys, Fﬁi}{‘? Ay 8 Eellor @*Ls{)@g?gngﬁfﬁqioﬁgﬁg%%}agtyv%rie;mg'gi rrﬁ%ﬁcgic@atsﬁ) Pe used a

mat eri al having an conten east % cont I'ne crystals

such as Fghl-Qagh@Mibhstfate! a2 a bRAEN Ve TiIhh@al drk Erovkd}ldeiﬁiml@ h&Mmaghetfan al so

have a granulafr structuré in which the fine crystals are dispérsed in a

matrix. Asibsfige WheEinahe frpéitgcisaihaghegnein & ratbedfeaaktefiall Wiéa cohtdins al | oy
havi ng an anor phous structure, which contains at |east 80 at% of Co and

al so cont @bSr, 8t arlde@s, ttho@Gecoraént BeingNIs, at7cao 2Cat% Whd die Glheortérk deing @0l 418 used.
For exanple, CoZr, CoZrNb, CoZrTa, CoZrCr, and CoZrM alloys can be used
advant agewubkitfo, asd & heernit éorical He)Tfehepmpaidicaldr oragectiefilnf beihg asledst nmagneti c
undercoat film?2 is preferably not nore than 200 (Ce) (preferably not nore
t han 50 (¥WP(Oe)Thegative pedlcasiondicdd(-Ha) beiag 0xa éedsld(Re). ané v saticapigesifeal not
preferable for, the follow ng . .reason., That is, the soft nmagnetic

char act ermagictizatnc i tq sduipoE Magpetizalirn (s) ivaldessheS wave does not becone
a so-called rectangul ar wave, but becone a distorted wave. The saturation
magnetic flux density Bs of the soft nagnetic undercoat film2 is

preferably. . . 0 .and preferably at least 1 T). A Bs that bel ow
t he aboveﬁ?lgﬁ]%ées%ﬁétg%no?fq%%é‘%@}abI e for the follow ng reason. That is, the

28,22 e Qo Ea B ety BEFSASUAS rs nECOTT o
magneti ¢ febardingansditm oBsheQiresent invention.
Fig. 2 is a graph showing an example of a MH curve.
Fig. 3 is a graph showing another example of a MH curve.
Fig. 4 is a partially sectional view showing the second embodiment of a magnetic
recording medium of the present invention.
Fig. S is a partially sectional view showing the third embodiment of a magnetic
recording medium of the present invention.
Fig. 6 is a schematic structural view showing an example of a magnetic read/write

apparatus of the present invention. (a) shows the entire structure, and (b) shows a magnetic

head.

Best Mode for Carrying Out the Invention



the material that forns the soft nagnetic undercoat film2 and the film
"thickness t of the soft nagnetic undercoat film2, is preferably at |east
40 T nm (nore preferably at least 60 T" nm. A Bs . that is belowthe
above range is not preferable for the followi ng reason. That is, the read
back wave is distorted and OWNcharactergstics (over-wite characteristics)
7 deteriorate. It is preferable that the surface of the soft nagnetic
undercoat film2 (the plane of the orientation control film3 side) is
partially or conpletely oxidized. Consequently, magnetic nagnetic
fluctuation of Hiid shemidbelist emhediment ofiiagpiesint inyedeon: oakhefmagnetc can be
reduced, and therefore, read/wite characterlstlcs of the magnetic

r ecor di ngesRidingMmedam showmhiersviaga pyuciag dEPRgh MOW%%@Q%HHWCQ%@IH&QW& ic

fluctuation Al so r te charact tics c ro refinin
Crystal GRRMSHOBEORE TR ol PO IO E B 4 WIS R SRTGHE e X%ft g
magneti ¢ under coat di.zed_.sur face portion.of ,t

et | ¢ HiEeP A §edi i tne IB?r?é%f%?eéoﬁét"ﬁBd“?%’i‘e%F%g?tﬁg soft

nmagneti c underco incl udes ?% en after

forcing the so Satg“rﬁaﬁléfn%nﬁt’scdse?gtrﬁ? ’fl'lnﬁ1 E%aSSbSt %’r%?rﬁ%réls THAPHYT oduces
oxygen i nfg drﬁeﬁ%u %Ca?ﬁx% @?r?m“ﬁ?@ﬂmﬁjm oy%n'%f@ef%léaf ear%%rrgihtgﬂw%ijbgtﬂ?e soft

magnet i ¢ “under coa can use |ca1 e case I n which
the surfagg f’igm%ré%oﬁ%&amégﬂﬁ&'lé} sﬁ@%rg?:%@tce;élﬁl@ ﬁhé(ﬁl SRS EAbR oRN

oxygen- cont |n| g gas, It may be allowed to stand in oxygen gas, or in a
gas obt aichfdnbyayhd weling oxygen vmth argon or nitrogen, for about 0.3 to 20
seconds. Al so the nmethod of exposing the soft magnetic undercoat film2 to
air can be enplBxygicslof iadlidsGubshiate inblade wsbiphons gas sobitaitnad drystaliized | ng
oxygen with argon or nitrogen, stable manufacture can be conducted because
it becomglaseashytrbie. cantthohmbiphostegasegoferaypudiosasodarling gihbe abuihaze of the
soft magnetic undercoat film2. In the case in which oxygen is introduced
into a fidlass pad alvmgnasdscatst gledseas bé tlserdagﬁétth@:cmidléme@altassr,?tlmuz -typeor exanpl e,
when using a sputtering nethod as the filmform ng nethod, sputtering may
be conduébwstpliigsdigdass cpn be Bagd. gés?t}éf‘o‘l“ﬁrﬁpﬁlsﬁbﬁﬁ‘k%/@éﬁ“‘?rﬁ@ PodleuRIRNEr ei n
durlngaportlon of the, filmfor he ess for exanple
2 gas obEaNeL 9%@1?1}1@%@8# dﬂwg%a&flde%g itQp B IB{ BASF er abl y 0.

to 20 voI y@<:?§X%%Qmﬁ§n§® (#%mqﬁmgo qmql fntatlon control f|In13 s

a fllmpr &0 o or i 6Nt ati on and 8 crystal grain

di anet er of thad it gLl 55%&'1[;9&41 0 R¥lo gﬁaega,{l chdobrtnensabave and t he

per pendi cul ar nagneti| mat e orientation control film
3 is not n%@aﬁ%uﬁdtﬁ@ésloynbhiﬁétﬁqub@mes%ax}ﬁrsa%ryacla%m@ fhﬁﬂqa%tbéé}i:f‘o&‘ﬁl@d a fcc
structure, or an anorphous structure In particular, a Ru alloy, a N all oy,
and a Co uaihkaylaing rméab&rarpditdig hétheknesis: ide t he orientation control film
3 is preferably from0.5 to 40 nrn (nore preferably from1 to 20 nm. Wen
the fil mthi ckitéssofbinaghaicouridertpatt filon2 cgnmdvided ini drder3oiiscredst Hien a range from
0.5to 40 n mépreferably from1l to 20 nrn), the perpendicular orientation
of the peependrdal compraghieefithe mapmats fhederre shesnpanesinhpat ang thestellishand t he
di stance between the magnetic head and the soft magnetic undercoat film 2
becones ¢ ﬁrrah/rthﬁgﬁalga@&aa%gf thg parpendipdppmagesigdying . that esardidheri st cs
can be enhanced w thout deterio atl %ﬁhe resol ution of the read back

si gnal . %ﬁnﬁﬁ@>Wﬁ} Hﬁ@@gpPQFF mﬂ@ﬂg ¢ tosEgede range, the perpendicul ar
orientation of é endlcu ar nﬁneahﬁ}flln15 IS dg@ Z¥ gF’? d therefore
read/wite chaf. %?taé ?C@gleér%or? RETFREN e JPIR83 18] BE 42 &7 Al so when
the thick %5E8 the ran ve, the nagnetic grain si ze of
t he perpE% |§H? m”egoth%aSafegﬁwgﬁz Igggégyand t he noi se characteristics

deteriorate, whc E?ijhﬁmgf?% tjAERD bfhﬁx 2 § e &f@x%oﬁ @Eﬁ@m‘ﬁ?&‘éfe%ttﬂ

magneti c head and nagne C undercoat fI econes | arge guring
r ecor di n%atéﬁﬁtﬁeﬁe%@lat&;]aeﬂapa‘onmﬁng?@q\rmcd&) Shd@se@nd the output becone

degraded, which is not preferab
Examples of the material of the soft magnetic undercoat {iim 2 include FeCo

alloys (FeCo, FeCoV and the like), FeNi alloys (FeNi, FeNiMo, FeNiCr, FeNiSi and the



Since the surface norphol ogy of the orientation control film 3 influences
t he surface norphol ogy of the perpendicular nagnetic filmb5 and protective
film®6, the nean surface roughness Ra of the orientation control film3is
preferably set to 2 nmor less in order to reduce the flying height of the
magneti c head during recording and read back by reducing the surface
unevenness of the magnetic recording nedium Control of the nean surface
roughness Ra to 2 nmor |ess makes it possible to reduce the surface

unevenness of the magnetic recording nmedium. thereby to sufficiently reduce
the flyirtxchdicghalles (Eﬁélaﬁﬁ@%ﬁétE%lﬁ@'dF@MS%SUr%pénﬁk}h%h@)r%%(éraélézafk and

L0 o I RSE, SRR I09enS, TR, o kL At n cObrel 1 m oon

O LRSS0 R T L TR 87 BUBRERRSES2 e L 1 (e
sput o JRLA0H 75 G Sl IRLIDR, R A Sas oBlguned Y mxing
929 02431 ned e A AAOPH i, LR A PLLREREabLY 0,02 o

crystal gualienehife LOUIRGUNLRAGY LA FORN @AY ey HhR:3 BYaddiidioduci ng

oxygen or nitro I's preferabfe to Use, I'n the internmediate film4, a

mat eri al BAYIsH Qlla@é"a BeRuBE SkEhHE &1 whichitife PEEdo6ABhLR dishere in hhddhe

internediate film4, a CoCr alloy, a CoCrX1l alloy or a CoXl alloy (X : at

| east one of PtAs tR@méleridlof b sofCthagiic UNideWbat i 2,9 CAAlIdY 1aRthgBhn. The Co
content of the internmediate film4 is preferably within a range from30 to
70 at % THEherphuuskinegerepivhicheontaine mtriedst @0 entfoidf odanid sl roeheirsht \eastainetod not
nore than 20 nm (and preferably not nore than 10 nm in order to prevent
det er i or airi b, af Cr,éddbnthetikectrarbraotsed.i stics due to coarsening of magnetic
grains in the perpendi cul ar magnetic film5 and degradi n? of the resolution
due to an i ncr &asexamplelistZancelbiy Wednla heZifagpied CeZndaallesdan he usesk t
magneti c undercoat film 2. Formation of the internediate film4 nakes it
possi bl eaflbanéiiﬂ?a\‘ﬁhéaﬁﬁ‘@nﬁ?é?rﬁ?indi cular orientation of the perpendicul ar

tic fil t nh h i . f i.cul
AR X R R P
the th inhi i cul tic filmb5 i filmin which
(he Lt ke ka0 b T B REBCLCUlprBanet o I mS o a THim 0 o

substrate. 16,106 PRERSREHRULATxERAD R Bold tREOIsi D PRASQE & (ARt eri al
containing Co, C, Pt, and Cu and has a C content of 16 at%to 24 at%

(pref er alphyowlig 8da%6:1.0 Rrht &f M s8R anelic SRR stiof bl oheahMftiGertt 298 Yhe
(preferably 0.% at%to 3 at%. A Crcontent of less than 16 at%is not

pr ef er abkreadftack tvaee dadslmnbagnieeasecalled hatangslar siane duekadargadistottpd | Ng

bet ween magneti c grains increases, the magnetic cluster size increases and
t he nedi waveoi se i ncreases. The Cr content of nore than 24 at%is not
preferable for the follow ng reason. That is, the ratio of residual

magnet i zati on (The yatuigtigamagagticofindegaiar Bs af themolt meagnetig undsreoatfilnd ixoer ci ve
force Hc, are reched. )

preterably at least 0.6 T (and preferably at least 1 T). A Bs that below the above range is

not preferable for the following reason. That is, the read back wave does not become a

so-called rectangular wave, but become a distorted wave.

Specifically, Bs-t, that is, the product of the saturation magnetic flux density Bs of
the material that forms the soft magnetic undercoat film 2 and the film thickness t of the
soft magnetic undercoat film 2, is preferably at least 40 T*nm (more preferably at least 60

T.nm). A Bs-tthat is below the above range is not preferable for the following rcason.

That is, the read back wave is distorted and OW characteristics (over-write characteristics)



"When the Cu content is less than 0.1 at% the effect of the addition of Cu
" cannot be obtained. The Cu content of nore than 4 at%is not preferable
because magneti c grai ns becone coarse and read/wite characteristics
deteriorate. The perpendicular magnetic film5 preferably has a Pt content
of 14 at%to 24 at% Wen the Pt content is less than 14 at% the

per pendi cul ar magnetic ani sotropy constant Ku decreases and the effect of
the addition of Pt cannot be obtained. That is, it is not preferred because
the effect of inproving a ratio of residual magnetization (M) to

sat ur at i deterreigieet i zation (M) and the effect of increasing negative

nucl eation field (-Hn) beconme insufficient. The Pt content of nore than 24
at% is not preftes pisrifde shs thersotiaee ¢fribe edbmagnetigangdercestifdm 2ofthe plane of

per pendi cul ar magnetic filmb5 is particularly preferably a CoCrPtCu all oy,
a CoCr Pt thsprigntagyn centred Gl tide) inparagiliorr nudeteivosidtzs: al | oy. When usi ng

the CoCrPtCuB all oy, t B tent | f I th 4 at % d
Tor e pref er abl GORGHUGHPCTERERCI SN AR Gt it Nereq oy G SHAMEIGHYG | o not
f d ' M/ tio.of i dual .

mgnet | 2 ARG AT g BAPG Feceh A gnatrEat iRl shareidn ERE B s ng

t he LoCrPtC%Ta alho , tq%.TaX%%age@tljs Q&Ef%[3b|% Qhotam%{efh%ﬁpﬁ4 gt@b
(and m)r}aeCB'r éqge?qﬁ%flé‘ Wt HBYE Fhan %d 5%”‘5(). Fifé sﬁg ¢St BRBIGE &'0han 4
t% i : : | . red d.
whon usi frat BB BAREr AR (i ERBL Fting B AR MG R BuReuCe
pr ef er abla a9 IR Brh{lpth theab HnlARGid R REEARI aDI v not more than S ats.

The total content of B and Ta of 'nmore than 4 at%is not preferred because
the coercive fopresxiandd Miffdd pafteon' FdRcaM: mddiRtip @nhiebeht Elth ar calBgTeitnhad film 5

can have a single layer structure nade of the
by a method in which the soft magnetic undercoat film 2 is exposed to a gas that includes
oxygen after forming the soft magnetic undercoat film 2, or a method that introduces
oxygen into the process gas when forming the surface portion of the soft magnetic
undercoat film 2 can be used.

Specifically, in the case in which the surface of the soft magnetic undercoat film 2
is exposed to an oxygen-containing gas, it may be allowed to stand in oxygen gas, or in a
gas obtained by diluting oxygen with argon or nitrogen, for about 0.3 to 20 seconds. Also
the method of exposing the soft magnetic undercoat film 2 to air can be employed.

In particular, when using a gas obtained by diluting oxygen with argon or nitrogen,
stable manufacture can be conducted because it becomes easy to control the degree of
oxidization of the surface of the soft magnetic undercoat film 2.

In the case in which oxygen is introduced into a film-forming gas of the soft
magnetic undercoat film 2, for example, when using a sputtering method as the
film-forming method, sputtering may be conducted using a process gas containing oxygen
introduced therein during a portion of the film-forming time. As the process gas, for
example, a gas obtained by mixing argon with about 0.05 to 50 vol% (preferably 0.1 to 20
vol%) of oxygen is preferably used.

The orientation control film 3 is a film provided for controlling the orientation and



CoCrPt Cu material described above, or it can have a nultiple |ayer
structure in which a layer conprising the CoCrPt alloy material and a | ayer
conprising the CoCrPtCu alloy material are |lam nated. Al so, a perpendicul ar
magnetic filmcan have a multiple layer structure in which a Co alloy (Co,
CoCr CoB, Co-Si02 or the like) layer amgl a Pd alloy (Pd, PdB, Pd-Si Oz or
the like) layer are | am nated. Al so, a perpendicular nmagnetic filmcan have
a multiple layer structure in which the Co alloy and a Pt alloy (Pt, PtB,
Pt-Si02 or the |ike) layer are | am nated. Futhermore a perpendicul ar
magnet i ¢ ri$tph grain direiersofiiig mitgmedipgyfdm 4 proyided diresthcthegrbrycand dieor phous
material | ayer nade of TbFeCo and the CoCrPtCu alloy layer. As the effect
of the adfrRsndisuby n@gnetimiiingpy olsvateriplpidbepdsniaiogopol fHm 3 prdbvenent in
M/ M, and an increase in negative nucleation field (-Hn) can be nentioned.
Tabl o 1 SWEWECEHAHAEGAHEPE 08 hEP THEN 41 Ho fUfE T BIt PROSTBITy as t he
materi al of {?hecgerpendi cul ar lmagn&ti f film ;f; aﬁﬁ@ char a{:t eri stics obtained
when usi ritf YEHES coBiPptticy 3|r’®£‘é9<3:‘73u€1 hgle apd Bl ey apoREsderial . [Tabl e
1] READ WRI TE. TOSTAL CPERPENDI CULA GNETI.C El LI Rl STI CS~~ |
' CHARACTERI STI &mgﬁ‘?*f’é{}eﬁ“ﬁl a@&&?ﬁﬁ&%ﬁi\?’é&ﬁ'ﬁ? E’W?gg}E%]bECADE) He
(Ce) M/ 'Y%loi‘%re?e%lgrﬂo% ?/‘)Lo 20 nm). When the film thickness of the orientation control
film 3 is within a range from 0.5 to 40 nm (preferably from 1 to 20 nm), the perpendicular
orientation of the perpendicular magnetic film 5 becomes substantially better and the
distance between the magnetic head and the soft magnetic undercoat film 2 becomes small
during recording, and therefore read/write characteristics can be enhanced without
deteriorating the resolution of the read back signal.
When the thickness falls below the above range, the perpendicular orientation of
the perpendicular magnetic film 5 is degraded, and therefore read/write characteristics and
the thermal stability deteriorate.
Also when the thickness exceeds the range described above, the magnetic grain
size of the perpendicular magnetic film 5 increases and the noise characteristics deteriorate,
which is not preferable. Since the distance between the magnetic head and the soft
magnetic undercoat film 2 becomes large during recording, the resolution of the read back
signal and the output become degraded, which is not preferable.
Since the surface morphology of the orientation control film 3 influences the
surface morphology of the perpendicular magnetic film 5 and protective film 6, the mean
surface roughness Ra of the orientation control film 3 is preferably set to 2 nm or less in
order to reduce the flying height of the magnetic head during recording and read back by
reducing the surface unevenness of the magnetic recording medium.
Control of the mean surface roughness Ra to 2 nm or less makes it possible to

reduce the surface unevenness of the magnetic recording medium, theieby to sufficiently

reduce the flying height of the magnetic head during recording and read back and to



(Exanpl e 159C0-22Cr-17Pt-2Cu ' 255.6-0.54490 0.98 1220Exanpl e6l Co- 22Cr -1 7Pt
255.2-1.83700 ~ 0.83 -Exanpl e 357Co-24Cr-1 7Pt-2Cu 256.9-1. 73850 ~ 0.8G 150
N. 13 As is apparent from Table 1, when using the CoCrPtCu all oy (Exanple
1), the coercive force Hc, M/ M and negative nucleation field (-Hn) were

i nproved, and the thermal stability wasgremarkably inproved, as conpared
with the case of using the CoCrPt alloy (Exanple 2), although there was not
a large difference in read/wite characteristics. Conparing the case where
the O content was set to 22 at%using the CoCrPtCu alloy (Exanple 1) with
the case ¢ihapgd &R redeedite desiiyent was set to 24 at % { Exanple 3), excellent
read/wite characteristics could be obtained in the case in which the C
content was set | horgntaopcontrolifdmybeansipatpin pdeastQree] Gweeh dxtniireee
characteristics could be obtained because.t content could be set to a
hi gh val el i i edgss G e ?fgll&rﬂ%ﬂwra@rth’aﬁ?@’?@mlpggw PIFRESY BASERABSs of

t he perpepdi cul ar magnetic fi 5,is preferably set wwthin a range from 3
to 60 nm ’Bﬁéﬁ%\ﬁf‘@’ﬂf‘tﬂ%ﬁ@t‘f’l)mﬂﬁﬁﬁ’i I_ta)e Wan the thickness of the

di cul ic, fi 5.fall I h fi.Ci
magnet i c 11 ox caiistmBle BPAMEGe surRE AR SR Ftiatios Bingics 68
Bgne % calfiie . ted A
i the per Benty BEiAAR b0 ARCYE G058 sOLENELARLAL AR UE R PROBRY © ot ne

charact er h8hl.& 3 Qgésetgﬂt héd m_mﬁ% GRBh GliMEatbaf €61 3 (g‘fégl%r&@lra[% gy ar

magnetic f1I'fm5 1S preferably set to at |east 300 he magneti c

recor di ngy Rslva)Br RaMIgRS id EfesABf Gicd Qs hier fig)-fRm@fg g¢8ss than 3000(0a) is not
preferabl e because it is not suitable for increasing the recording density

and is al so i nfEné efysiabgiahgram@forsbdbi the byientitien e@@al fike 3rydheadicay fiel d
(-Hn) of the perpendicular magnetic film5 is preferably at |east 0(0Oe) and
not nore ddygen 23b0io@a).. The magneti c recordi ng nmedi um havi ng the negative
nucleation field (-Hn) of less than 0(0Oe) is not preferable because of
It is preferable to use, in the intermediate film 4, a material having an hep
structure. It is preferable to use, in the intermediate film 4, a CoCr alloy, a CoCrX, alloy
or a CoX; alloy (X;: at least one of Pt, Ta, Zr, Ru, Nb, Cu, Re, Ni, Mn, Ge, Si, O, N and
B).
The Co content of the intermediate filin 4 is preferably within a range from 30 to
70 at%.
The thickness of the intermediate film 4 is preferably set to not more than 20 nm
(and preferably not more than 10 nm) in order to prevent deterioration of read/write
characteristics due to coarsening of magnetic grains in the perpendicular magnetic film 5
and degrading of the resolution due to an increase in distance between the magnetic head
and the soft magnetic undercoat film 2.
Formation of the intermediate film 4 makes it possible to enhance the
perpendicular orientation of the perpendicular magnetic film 5, to enhance the coercive
force of the perpendicular magnetic film 5, and to further improve the read/write
characteristics and the thermal stability.

The perpendicular magnetic film 5 is a film in which the axis of easy

magnetization is generally oriented perpendicular to the substrate.



‘poor thernmal stability. The ratio of residual magnetization (M) to
saturation magnetization (Ms) of the perpendicular magnetic filmb5 is set
to at |least 0.85. The magnetic recordi ng nmedi um having M/ M of |ess than
0.85 is not preferable because it is inferior in thermal stability. In the
foll owi ng, the negative nucleation fielg {-Hn) will be described. 14 As
shown in Fig. 2, the negative nucleation field (-Hn) is the nunerical value
represented by the distance (Ce} between the point "a" and the point "c" in
a MH curve, where the point "a" is a point at which the external magnetic
field becones Ohepemhedipilocmsgnest fidmcrieasidagl & hatesial eemiginingdgnérily, fi el d
froma saturated state of the magnetization, the POi nt "b" 1s a point at
whi ch t hendrhgriad hgsae Coposerteras abe atatherplisrably t&at’s o 24 44 sad aCu
intersection of a tangent which touches the MH curve at the point "a" and a
li ne whi CAMERALY- savuiat ‘th{h(ﬂﬁ%f&ﬁ‘gmozb?‘?/bm 3 ﬂ}tl(%eover, the negative

| eat i field.(-Hn) t A I int i n whi th
Boi nt e i s 1 A G G AT IR G R hS TP G APIe RegHE (I M B o
negat i ve.%see Fi g. 26) and qnversel .. takes. a ne aéi ve vatlu in the case
' whi ch it e grdengecoupling RebErL Breic ST hreRie kARG SIRETC 11 el d
ﬁg;ﬁr’res Rose ts'esva%a d(t & %Fgfugi n(g’lgei inl(:1%a§elg.e PR E?Q&ltgnqlo?{norrrg‘&%gtzlél%t%lisl rr1]3t5’ the
grain draneter of crystal grains is préterably within arange fromb5

to 15, MThe R B Ml AbARBLGT ol ReHIShRSoF Bt b ENATRA At

observing crystal grains o er pendi cul ar magnetic

(transmi ssioflof hAGhEOATH VDR SRR, ANt ERASPIACEIS RGrckiieed, mage observed.

The protective film®6 is preventing corrosion of the perpendicul ar

magnetic film Wheange @t chensSianss thHai®, 1 AVE iRNiffectanbgaddifon BECHBAlinsm
surface when the magnetic head conmes into contact with the nmedi um

Convent i daablaineinofhe Gatcentenl  no@n tiza dus®dis antprefooable kevapicemagnetiat er i al
containing C, Si02 or ZrQ2 can be used. The thickness of the protective
film6 igramssfeeomablcyared artt imad{ writegjerdctayistids deteriddatam

The perpendicular magnetic film 5 preferably has a Pt content of 14 at% to 24
at%.

When the Pt content is less than 14 at%, the perpendicular magnetic anisotropy
constant Ku decreases and the effect of the addition of Pt cannot be obtained. That is, it is
not preferred because the effect of improving a ratio of residual magnetization (Ms) to
saturation magnetization (Mr) and the effect of increasing negative nucleation field (-Hn)
become insufficient. The Pt content of more than 24 at% is not preferred because noise
increases.

The material of the perpendicular magnetic film 5 is particularly preferably a
CoCrPtCu alloy, a CoCrPtCuB alloy, a CoCrPtCuTa alloy or a CoCrPtCuTaB alloy.

When using the CoCrPtCuB alloy, the B content is preferably not more than 4 at%
(and more preferably not more than 3 at%). A B content of more than 4 at% is not
preferred because a coercive force and Mr/Ms (a ratio of residual magnetization Ms to
saturation magnetization Mr) are reduced.

When using the CoCrPtCuTa alloy, the Ta content is preferably not nioie than 4

at% (and more preferably not more than 3 at%). The Ta content of more than 4 at% is not



It is preferable to use, as a lubricating film?7, perfluoropolyether,
“fluorinated al cohol, fluorinated carboxylic acid, or the like. In the
-magnetic recording nediumw th the above construction, the perpendicul ar
magnetic film5 is nade of a material which contains Co, C, Pt and Cu, the
Cr content being from16 at%to 24 at%iand the Cu content being fromO.1
at%to 4 at% and a coercive force (Hc) of the perpendicular nmagnetic film
is at |east 3000(0e), the negative 15 nucleation field (-Hn) is 0(0Oe) to
2500(0e), and a ratio of residual magnetization (M) to saturation

magnet i zatreforred Megaussthatco¢reins forge 8%l Mrids akaediceéxcel | ent thernmal stability
can be obtained. Furthernore, the Cr content can be set to a high val ue

wi t hout det eri oVhen nyng Aie GasaPiaiTaBralpy.the tptal spetentnd etk B inpreferablyn be

reduced and read/wite characteristics can be inmproved The therma
st abi | i t y1of 808§ thap ¢ a7 RhBREIRCHbaY B9tAnGte daingd # ?bi Fée@éagﬁﬁﬁfeah%fjt%bl e and

thermal | o of. recgrded data occurs..Iln the magneti.c rea i.te apparatus,
this appediaegl MR ATRG s ot THeltaRd bHEUOdA BaERe GUED ALY BPNBES, ded dat o
In the pre en& i nvention, when the perpendicular magnetic film has a

mul ti pl e’f ‘VS "structure conposed of plural layers, at |east one of these

{ims in the [IPSERERGRMFhEREryEalR {45 R0 dneld R RRRNEL SINACJROTCH ©

embodi mend, qbyd D& IRANGSLEbda8B0Y I grcgﬁq.h\% &BIth?ﬂa%r%%%r%ﬁ%Eﬁgn' In

this magnetic recording medium a rd nmagnetic _ magneti c
ani sot r oRYyer oMB}ifhY 1Y CANPeslidy maRriaINmRl A8 ¢bmPasihe the OBREPIOH afioyhar d

magnetic material 1S provided Between a non-nagnetic substrate 1 and a soft
magnet i ¢ mhkielgd] @efanfindiéd. 2.

Also, a perpendicular magnetic film can have a multiple layer structure in which a
Co alloy (Co, CoCr, CoB, Co-Si0O, or the like) layer and a Pd alloy (Pd, PdB, Pd-SiO; or
the like) layer are laminated.

Also, a perpendicular magnetic film can have a multiple layer structure in which
the Co alloy and a Pt alloy (Pt, PtB, Pt-SiO; or the like) layer are laminated.

Furthermore, a perpendicular magnetic film can have a multiple layer structure
including an amorphous material layer made of TbFeCo and the CoCrPtCu alloy layer.

As the effect of the addition of Cu, an improvement in coercive force, an
improvement in Mr/Ms, and an increase in negative nucleation field (-Hn) can be
mentioned.

Table 1 shows characteristics obtained when using the CoCrPtCu alloy as the

material of the perpendicular magnetic film 5 and characteristics obtained when using the

CoCrPt alloy excluding Cu from the above material.



It

- CoCrPt X2 all oy (X2:

N and B).

is preferable to use,
at

| east one of Pt, Ta, Zr,
The coercive force He of the hard nagnetic film8 is preferably

in the hard magnetic film8, a CoSmalloy or a

No Cu, Re, NN M1, G Si, Q

at | east 500(0e) (and nore preferablyldat |east 1000(0e)). The thickness of
the hard magnetic film8 is preferably not nore than 150 nm (and nore
preferably not nore than 70 nm. A thickness of nore than 150 nm of the
hard magnetic film8 is not preferable because the nmean surface roughness

jentation ¢

Ra of the or
8 is prefera
bet ween t he

is formed an
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suppr essed
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trol film3 becones larger. The hard nmagnetic film
wi th such a construction that exchange coupling
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the radial direction of the

he hard magnetic film38, formation of extrenely

th the soft magnetic undercoat film2 can be

and therefore the occurrence of spi ke noise
rate during

can be sufficiently reduced. To control the
magnetic film$8, an undercoat film nade of a Cr

may be forned between a non-nmagnetic
agnetic film8. Fig. 5 shows the third enbodi nent
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‘a protective film®6. Exanples of the material of the magnetizing
stabilization film9 include FeCo alloys (FeCo, FeCoV and the |ike), FeN
‘al loys (FeNi, FeNi M, FeNiCr, FeNiSi and the |ike), FeAl alloys (FeAl,
FeAl Si, FeAlSiCr, FeAlSiTiRu, FeAlO and the |like), FeC alloys (FeCr,
FeCrTi, FeCrCu and the like), FeTa alloys (FeTa, FeTaC, FeTaN and the
like), FeMy alloys (FeMgO and the like), FeZr alloys (FeZrN and the I|ike),

| , | , i I , , | , Hf all ,
Fng BoB a1 | oyShs Fraspbeb on Tblae Wiceasne tia cre R OR A atpleD e ant ot
t | t 60 .at% t aj nj fi t al FeAl O F O ,FeTaN, FeZrN
o thel pRaeivs it VBN R R RSy RtEY o MaePieD ahd T wni o
the fi t al.s,. di d i trix, . ter.i al qf
recnet o R BT S8 PRETE R IR R0 R B o
i i 9 . LWAS.: : .
o, Ta. O FedPh At Wl G ST G BB oz T,
QoZrar, and COZbMBaald BY SaGAMEHHIGLALKPRAAGRRYS) YooSildihe TGP . The

. s
coercive force € nmagnetizing sta rzation film9i1s pre y not

nmore t haﬁ‘ll(%%éx%g%ﬂe( ﬁ%tﬂ'ﬂ%%aﬁriﬁf\ﬁﬁ&p{hgC'i‘%nt@ﬁ’trv@asts@@f& ﬁ%%ﬁb)c"}(aringle]ﬁ, The

saturation Ic flux density Bs of the magnetizing stabilization film9
is pref egalliyntdtad @Actchlradiefisti@nduilieotedifd Ehatd Yasetn WBRShelCldont&8 T,

that is, the product of the saturation nmagnetic flux density Bs of the

mat er i al wagigkttd24 hi%h.m t hi ckness t of the nmagnetizing stabilization film§9,
is preferably at least 7.2 T nm Bs t that exceeds the above range is not
pr ef er abl e bechiskeliched theaekchbak rendtvaite charactedstesaoulBybepbaned rgawae
magnetizing stabilization film9 nade of a soft magnetic film between a

per pendi thelGirconeghenild be $dt e &highdaluepritout déterzorgting the tlermahstabiptyoverrent i n
thermal stability and an increase in read back output can be achieved. This
reason for t hi§h¢ didkapsserf dlp pespandicatr mAenefigsiinThat Pieferabineet tyithén g zangen of

th tizati inth f t di cul tic filmb5i

SN ARV TAEE X A s R
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the magn@échagenﬂa%ggpg}éi@him@p&béﬁaﬁc%w‘r%alt%h@ﬁé APk aB& il ERedeiaan form a

closed circuit. o this action, excellent thermal stability is obtained

because jh@wrngoairhaaidtiond&tridbe. per pendi cul ar magnetic filmb5 is
established nore strongly in the perpendicular direction. In the

manuf act ur e of Thd@emagntriccHe ef e derpgndredaumapticrigmt he peefasblyuet oan
descri bed above, a soft magnetic undercoat film 2, an orientation control
film 3, leasti3A0Oeedi Bhembgiatc4ccandngmsdiypehaliiegiihgrcoemadoice Ha dfiles ar e
formed in sequence on a substrate 1 by a sputtering nethod, vacuum

deposi t i Ban 3PHHOE) wmohpredrrallpbeqaupeit isnppt sWitahle fos gnareasingribhtecesinge carri ed
out on the surface, of, {he so&tmﬁgngﬁj c undercoat film2 and the

ori ent at (AL ARt ISGIsOfipieRPBIn the @el%%y. In the formation of the

poTpEn U NG LA LS e SRR 514, F 27
L% 1S BLRLALSMILBRT) Lh38: b G B3dR0U. "areIRibiORLo RS AEkRR! od o0
having the negative nucleation field (-Hn) of less than 0(Oe) is not preferable because of
poor thermal stability.
The ratio of residual magnetization (Mr) to saturation magnetization (Ms) of the
perpendicular magnetic film 5 is set to at least 0.85. The magnetic recording medium

having Mr/Ms of less than 0.85 is not preferable because it is inferior in thermal stability.

In the following, the negative nucleation field (-Hn) will be described.



18 perpendi cul ar magnetic elmis at |east 3000(0e}, negative nucleation
field {-Hn} is 0(Oe) to 2500(0e), and a ratio of residual magnetization
(M) to saturation magnetization (Ms) ig at least 0.85. The protective film
6 is preferably formed by a plasma CVD nethod, an ion beam net hod, a
sputtering nethod or the like. To forma lubricating film7, conventionally
wel | - known net hods such as dip coating nethods and spin coating nethods can

b I d. In th fact f.th i i di h i

e T 0/°8, e TRIMLact i ol Che IR Fasel L ng TR upshow I
roanet | ¢ SBISHERRY AR DRAERILh Y R D80he i 0 BRSSO T
9is f bet - i etic fil t ive film®é
3,13 Lo AL BRGRL SR BAR G R AP B R L

exanpl e qf d%%gasﬁ%ﬂgEi(t%rr{aFﬁgéQ(AU}tﬂctfﬁlcﬁﬂl?ﬁraastaHEatgrﬁSt%%ifﬂ% rh%i’%r{e ?ati?{negl%”t

i nventi on. netic rea I'te apparatus shown int aw h

Conpr i Segofht FRIN tﬂo@mra@w&litﬂamﬁggétmérpbéaamw@, anmhec,g&ﬁlt‘rcqu b g&nfi&scr i bed

above, a nediumdrive unit 11 t rotates this magnetic recordi ng nedium

10, a nagnekb&ionead deh@hich Buch&SthOWMH ke LHInEoaRdaT Rk RRckhieh t he
i nformati on on the nmagnetic recordi ng nmedium 10, "a head drive unit 13, and

a read/ Wshéws Sitgaadn RaRGESSidY system 14. The read/wite signal processing
system 14 sends a recording signal to the magnetic head 12 after processing
t he i nput dat aMadevepuhpudgativdhpudaitiandictdf-Hpy akesspoargtiviehaliredadhdaekisi gnal
fromthe magnetic head 12. Exanples of the magnetic head 12 include a

si ngl e paihech hpeoimebd’ ik ar a perpendilud) tie erecwl diappeticAs]ld henamdsmegitiye 6B, as
the single pole type head, a single pole type head with a construction
conpri si figgedigrad rAndeghearsaly. pakice a npgativgryalugti Hicgase inayrieh the ppoitéciBbnand a
coil 12d provided at a connection it 12c that, connects_these nmagnetic
pol es cafcde Prehigh Hs ewqagaéa?ag)xe%ﬁ@ﬂ RECARESIRENEGTETIE ead/ wit e

appar atus descti bed aboye,, since t 9 magnetic.recordin di,.um 10 is
1oba. “the ¢ her Hae QLR Iy AR S EATR RN EHo AL TR CEaf] ST inanced.
Thereforeeﬁi:rtblbev(v;lalrlregré)nos%opllqsté? z&l\/oi d problens such as data loss and to
i ncr easePHi gﬁ recordi ng Behst y. ?n the fol Il ow ng, exanples are shown, and
t he actions an : Of: i i | wever,
t he present inggﬁﬁegﬁtg?agpéfgk@ﬁ?nérfgég@%t%w‘r\g%??(gl 3\/\}) %gggggsr‘?%?gg.&yf@gr Ki ng
Exanpl e $)aidd dﬁﬁéc‘ﬁéipéﬂcﬁ&ﬁar%ﬁg%%ﬁ@ﬁﬁn Gaytaermml (tehRBI S cl8birch MickOECHRS
manuf act ured by ara Co) was set in the filmformation chanmber of a DC
magnet r oand mddeairbergsiap parialapgs ofsANEdVA, C-3010), and after evacuating air
inthe filmformation chanber up to an ultimte vacuumof 1 X 10'S Pa, a
soft magneti ¢ Uhelprotaditve filrh it i@ fqrtphévecknes sorrds@i afithe paperfdiculardnagretibe gl ass
substrate using a target conprising 89Co-4Zr-7Nb (Co content: 89 at% Zr
cont ent : film &t 9gd ahewmediine, prevgntydagrags tosthp snadamne syréieg evlenihemegnetio0oC or

| ower. Using a vibrating sanpl e magnet oneter, (VSM, it was confirnmed that
Bs t, tRAeadqogesing cppigefuith G madaire ot PNt dwerndngteiials ganag ¥sgd Bs of

this filmand the filmthickness.t, 11 T m). After heating the
bt r at BN EOrAIRPA TP L R B N G PO e Prea Wabehg o )

The thickness of the protective film 6 is preferably within a range from 1 to 10

nm.
It is preferable to use, as a lubricating film 7, perfluoropolyether, fluorinated
alcohol, fluorinated carboxylic acid, or the like.
In the magnetic recording medium with the above construction, the perpendicular
magnetic film 5 is made of a material which contains Co, Cr, Pt and Cu, the Cr content
being from 16 at% 10 24 at%, and the Cu content being from 0.1 at% to 4 at%, and a

coercive force (Hc) of the perpendicular magnetic film is at least 3000(Oe), the negative



t hi ckness of 20 nmwas fornmed on the soft magnetic undercoat film 2 using
an Ru target and an internediate film4 having a thickness of 5 nm was
~formed thereon using a 65Co-30Cr-SB tag et. and then a perpendicul ar
magnetic film5 having a thickness of nm was formed thereon using a
59C0- 22Cr-17Pt-2Cu target. In the sputtering step, a filmwas forned under
a pressure of 0.5 Pa using argon as a process gas for formng a film Next,
a protective film®6 having a thickness of 5 nmwas_ forned a CVD net hod.

b
Next, a Mupleateos fighd (-Hr s %H@W(%r?'l%@éﬁ@fﬁi%imﬁ&?ﬁfléﬁmﬂﬁwa di p
coating nethod to obtai.n a magnetic recording nmedi um (see Table 2).
(\Wr ki ng SERERED &aepetizgtipn §YIs) 15atjepsi O8e same manner as in Working Exanpl e
1, t that th iti t hi.ck f th di cul ti
F1m S vas chalBaloRegRRISE IFEOUACHG REUPSONEPE nanul act ur ed (se6 Tabl o
2). (Co ti le 1 | h . i i ng Ex le 1,
except that -t nk v Bt e Pheoriery itk PEH 14 AR et el ol B o e
et SRR ST AL PR b P GRS TR con

manner a%nimrg)vyg)r ki ng Exanple 1, except for selecting the conditions of the
per pendi cufar nagnetic filmb5 as shown in Table 2, nmagnetic recordi ng nedia

were manuf act ungd {388l TG rkrs WalghehGRARBAWIPei TR hE btEEQLHNg Medi a
of these Working Exanpl es and Conparative Exanple, read/wte

char act egh§hile SndihrhN8baeRf rédoddiidl datodeBrse BYlewpRdtic HA8 aUahpREARY Was
conducted using a read wite analyzer RWA 1632 manufactured by the GuzI K

Co. and &isppptastasdmPinker e off thetrbal Bacalougiut oNreabrdedigiat i C
characteristics, nmeasurenents were conducted at a recording frequency of
520 kFCl usi nglmthepgesenti iovdntiad, wher tbe pepesdinghemagghie il hpoh enultiple

layer structure composed of plural layers, at least one of these layers may be provided with

the construction of the perpendicular magnetic film 5 in the first embodiment described

above.

Fig. 4 shows the second embodiment of the magnetic recording medium of the
present invention. In this magnetic recording medium, a hard magnetic film 8, of which
magnetic anisotropy is mainly oriented in an in-plane direction, made of a hard magnetic
material is provided between a non-magnetic substrate 1 and a soft magnetic undercoat
film 2.

It is preferable to use, in the hard magnetic film 8, a CoSm alloy or a CoCrPtX,
alloy (X3: at least one of Pt, Ta, Zr, Nb, Cu, Re, Ni, Mn, Ge, Si, O, N and B).

The coercive force He of the hard magnetic film 8 is preferably at least 500(Oe¢)
(and more preferably at least 1000(Oe)).

The thickness of the hard magnetic film 8 is preferably not more than 150 nm
(and more preferably not more than 70 nm). A thickness of more than 150 nm of the hard
magnetic film 8 is not preferable because the mean surface roughness Ra of the orientation
control film 3 becomes larger.

The hard magnetic film 8 is preferably provided with such a construction that

exchange coupling between the hard magnetic film and the soft magnetic undercoat film 2



head is used at the witing portion and a GWR elenent is used at the read

" back portion. The evaluation of the thermal stability was made by
~cal cul ating the decrease rate (% deca of the read back output after
witing at a track recording density of 50 kFClI under the conditions of 70C
based on (So - S) X 100/(So X 3). In this equation, So denotes the read
back out put when one second has passed after the signal recording onto the
magneti c _recordi ng medi um and, S denotes the read back tput after 1000
Seconds. ISRETebBEIG AAGESHSIARISITRREBRSH 10 HIE Tediak draaciion g W%Fist"?/s.“afphese t est

OVPOS T ON B POV Jhc Hed g ey R AR PROK T AP EE oo
THI CKNES t% ~ | ERVEDI ATE FI L PENDI CL) 1 AR MAGNETI C FI L
CPos! T eRins iR E BN, ChErronlgh ] A R B o e DO T 513 F
159C0-22Cr-17f't-2Cu , 25 Ki Ex 2Co b ' 110Ru,i 20*

100 9cn. Tststbieshs Stueficenrss g RESR bR MRipai e pb §ifvented and the
1~8. 2Co- -1731'1- h_~ i 4 ' 110Ru ~; 20*

Loo 5Co. 560 rafely f%%%&%%é?&_!?‘%g"’E@%%@E@b%%rr%s 20"

1SSCo- 24Cr - 171 T%J Eéﬁﬂ'bl%l%ﬂ%%ﬂ Ig%g?emk‘c?mg 'rcl\ﬂpmi 8];%9 Bﬂdﬁr%%giﬁlm made of

164Co-17Cr -1 7Pt npl e 7CoZr Nb 10Ru 1

158Co- 2| Gicy Jam)%Bf £ 89-s2{ &3 Hakdr AOmEY BB R 18 BodlddR L IR aR@iic substrate 1
1~6. SCo- 2| Cr-17Pt - 2Cu- 3. 5B ~25Wor ki hg Exanpl e 9CoZrNo , 110Ru ~20* 1S8Co-Z 1

Cr - | 7Pt - ghala Bd Yae kimgFxal npl e
10CoZr Nb110Ru20*158Co- 2| Cr -1 7Pt - 2Cu- 1B- 1Ta25Wir ki ng Exanpl e 11CoZrNo ' 110Ru

, 20* 163Co- 2| CFigl 5khéw2e thizbMabddimgibofnipd adiRGo Feddading ARBIum of the

i 20*154Co- 2| Cr- 23f ' t - 2Cu25Wor ki ng Exa~-nple 13CoZrNb '1 | ORu20*
159Co- 22 @resdit RiveRton.! Snshisinregnedo/repdrdingdneddady NobgodRizing2@ebilization film 9
| 59Co- 22Cr - | 7Pt - 2Cu55Wor ki ng Exanpl e 15CoZrNb . 110Ru ' 20* |

159Co- 22®ad¢ 7ie sgomegudsipaieaaliivpopdadpeteesca zemsndicylapragetic film S and
16l Co- 22Cr-| 7Pt ' 25Conpar ati ve Exanple 2CoZrNb ; 110, Ru ~20*

166Co- | 7&PIqteatve P& npar at i ve Exanpl e 3CozZr No ~110Ru ~20*

157 200 220 |20 SO0 RSO ALL Ve BXOTEL 8 ARRR S A 25

S oo i R AR T SRR iy P

ﬁ%om 22(%e) 2Pl ARG AR AN Fellki, FYARRVERATG TR | Me ARG TRa BRMieBFC BliGHKNeSS: 5
(FeCr, FeCrTi, FeCrCu and the like), FeTa alloys (FeTa, FeTaC, FeTaN and the like),
FeMg alloys (FeMgO and the like), FeZr alloys (FeZrN and the like), FeC alloys, FeN
alloys, FeSi alloys, FeP alloys, FeNb alloys, FeHf alloys, and FeB alloys.

There can also be used a material having an Fe content of at least 60 at%
containing fine crystals such as FeAlO, FeMgO, FeTaN, FeZrN or the like. In addition, it
can also have a granular structure in which the fine crystals are dispersed in a matrix.

As the material of the magnetizing stabilization film 9, a Co alloy having an
amorphous structure, which contains 80 at% or higher of Co and also contains at least one
of Zr, Nb, Ta, Cr, Mo or the like, can be used.

For example, CoZr, CoZrNb, CoZrTa, CoZrCr, and CoZrMo alloys can be used
advantageously as the material.

The coercive force He of the magnetizing stabilization film 9 is preferably not

more than 200(Oe) (and more preferably not more than 50(Oe)).



[ Tabl e 2] (continued) Working Exanple 1 Wbrking Exanple 2 Wirking Exanple 3
Wor ki ng exanpl e 4 Wrking Exanple s Wrking Exanple 6 Wrking Exanple 7
Wor ki ng Exanple 8 Working Exanple 9 Wiking Exanple 10 Working Exanple 11
Wor ki ng Example | 2 Wrking Exanpl e 13 Worki ng Exanpl e 14 Wrking Exanple 1
s Conparative Exanple 1 Conparative Exanple 2 Conparative Exanple 3

Conpar ati ve Exanple 4 Conparative Exanple s Conparative Exanple 6

Compar ati ve Ex | e 7 READ/ WRI. TE CHARACTIERI.STI CS ERROR E ( 10 x)..~.6 5.3
oparative AR Stufaraieng o Tax ot B of The SueRngL s B BT B 9 o 4 o

2.0 THERVAL s%ﬁ |Tg(qgé(iPEgAm%pg%%bléatlﬁasﬁﬁ -0.9 -1.7 -0.1 -0.7 -0.8

0.6 -0. @< 9 -0.2 -1.8 -2.s -1.8

T osoubs, SoATAGESCYT) 5ot ENMIARS R A48y Bagtgp macr

~7203880- 0 07CRbILSTD b HBa Lareq bIBAL AR G B kAR T O 91

0. 83- 38004}y 00R5+1 GRP 3400 B8 ab&%%@%e% nQme?e@alb@@Qe?eQQse%Ke Pe%é%aclpoéﬁut%(@loo 70-
NN 23 As is apparent f1'0111 T in Wbrking Exanples using a

CoCr Pt Cu ,adlcey. having a O content of 16 to 24 at% a Pt content of 14 to
24 at%and a Cu content of 0.1 to 4 at%in the perpendicular magnetic film

5, excellent % idirfy ChagmsizRkisebilzatiandiedeeldedfit sbhafapabticiabi | ity
wer e obt ai ned. rking Exanples 16 to 18) Using a perpendicul ar magnetic

filmb5 haetwgna gevyendaybir naignetat files anta psitdegve o @ &i Gwraldmsntim ei t her of
the two | ayers, magnetic recording nedia were manufactured (see Table 3).

| n Tabl e tBgrmahgaleibitpposli aniioereast ih head heckpevipitcah de anEgvet ic film5 is

indi cated by the "conposition of the |ower |ayer/conposition of the upper

| ayer". Also tﬂéllqmmarfes%ns i§ bpligyied & bajaipllewe " Tt ék thesiuchiatiohef fewer

| a er/thlckness of the u | ayer Conpar ati ve Exanpl e 8
y magnetization in the surp ace of they perpendgculaqpmagnetlc film5 1srrgrablhzgd by the

magnetizing stabilization film 9, so that leakage flux is not influenced by this fluctuation
and the read back output increases. In addition, by providing the magnetizing
stabilization film 9, the magnetization of the perpendicular magnetic film 5 in the
perpendicular direction and the magnetization of the soft magnetic undercoat film 2 and
the magnetizing stabilization film 9 in the in-plane direction form a closed circuit. Due to
this action, excellent thermal stability is obtained because the magnetization of the
perpendicular magnetic film 5 is established more strongly in the perpendicular direction.

In the manufacture of the magnetic recording medium having the construction
described above, a soft magnetic undercoat film 2, an orientation control film 3, an
intermediate film 4 and a perpendicular magnetic film 5 are formed in sequence on a
substrate 1 by a sputtering method, vacuum deposition, ion plating or the like.

An oxidizing treatment can be carried out on the surface of the soft magnetic
undercoat film 2 and the orientation control film 3, if necessary.

In the formation of the perpendicular magnetic filim 5, the material, which
contains Co, Cr, Pt and Cu, has a Cr content of 16 at% to 24 at% and a Cu content of 0.1
at% to 4 at%, is preferably used.

Also the film-forming conditions are selected so that a coercive force (Hc) of the



In the same manner as in Wrking Exanple 1, except for selecting the

condi tions of the perpendicular magnetic film5 as shown in Table 3,
magnetic recording nedia were manufactyged (see Table 3). Wth respect to
magneti c recording nmedi a of these Wrking Exanpl es and Conparative Exanpl e,
read/ wite characteristics and thernmal stability were eval uated. These test
results are shown in Table 3. [ Tabl e 3] SOFT MAGNETI C UNDERCOAT FI LM

ORI ENTATI ON | NTERVEDI ATEP RPEND| CULAR GNETI C FI L | TI N ~
t CONTROL nfmemcgmm@@eﬁ! s.at 1aptaR ,tm?cgail\(e]ﬂus eﬁﬂa@ ﬁﬁrﬁ‘%r‘ﬁp&})aanpl e
i%’é;?ﬁ N e R R L M D Ty U A

10* *Zaggp@ (g%:rl SPt - 2B/ 59Co-22Cr-| 7Pt - 2Cu 10/ 15W)rk| ng Exanpl e 18CoZr Nb
~ 110* éfo -] 7Pt - 2Cu/ 63Co- 20Cr -1 SPt - 2B 3/ 22Com arative Exam |l e

e R B AR NI
st e, S T e O T
, M/ Ms-Hn ( Ce) Moriking 1153&%91&?1"11& 76cc9w§14t{’o%99y R11-kheaBRE b AGubX AR

165. 8- 0. 74490 ~0. 98~ 900Wor Exanpl e 175.8-0. 74300 ; 0. 95~ 900 rkl ng

Exarml e Jc%énr?gﬁe&é@%w 1r9é’oat1ﬁ%@;@ﬁﬁﬂd@@éﬂ by eémpxaa.l e 85. 4-2. 43500 ~0.80- N
25 As is apparent from Table 3, Wirking Exanples using a CoCrPtCu

al l oy to form anperpendheuled T thagagietic rdcotdihdmaarhhghotvnl ia¥er, 4, wWhigh has a
Cr content of 16 to 24 at% a Pt content of 14 to 24 at% and a Cu cont ent

of 0.1 t andgnati®fiineRhs firmedbewider ntsubstad Wirid escdhmpgetievndérces fikm 2dgnpar ed
wi th Conparative Exanples in which a CoCrPtCu alloy is not used.

sputtering method. In the manufacture of the magnetic recording medium shown in Fig. 5,
a magnetizing stabilization film 9 is formed between a perpendicular magnetic film 5 and a
protective film 6 by a sputtering method.

Fig. 6 is a sectional structural view showing an example of the magnetic
read/write apparatus according to the present invention. The magnetic read/write
apparatus shown in this drawing comprises a magnetic recording medium 10 having the
construction described above, a medium drive unit 11 that rotates this magnetic recording
medium 10, a magnetic head 12 that carries out recording and read back of the information
on the magnetic recording medium 10, a head drive unit 13, and a read/write signal
processing system 14. The read/write signal processing system 14 sends a recording
signal to the magnetic head 12 after processing the input data, and outputs the data after
processing the read back signal from the magnetic head 12.

Examples of the magnetic head 12 include a single pole type head for
perpendicular recording.

As shown in Fig. 6B, as the single pole type head, a single pole type head with a
construction comprising a main magnetic pole 12a, an auxiliary magnetic pole 12b and a
coil 12d provided at a connection unit 12c that connects these magnetic poles can be
preferably used.

According to the magnetic read/write apparatus described above, since the



(Working Exanples 19 to 25) In the sanme manner as in Wrking Exanple 1,
except for selecting the conposition of the soft magnetic undercoat film?2
as shown in Table 4, nmagnetic recordinggnedi a were manufactured (see Table
4). Wth respect to magnetic recording nedia of these Wrking Exanpl es,
read/ wite characteristics and thernmal stability were eval uated. These test
results are shown in Table 4. [ Tabl e 4] SOFT NAGNETIC

UNDERCOATPERPENDI ILAR GNETI.C FI L | NTERVEDI ATECQVPCOSI T1 ON
: Bs t COUTGEREIgIeL ﬂlL&tﬁ%ﬁw@gﬂvﬁ ERgd- the #ﬁ wL%&r pognd reag/wrifg pharagtesisigs ki ng

Exanpl e 1CO§ g& 10* 1*259C0- 22Cr -1 7Pt-2Cu . 25Working Exanpl e a
19COTaZr can 131“«‘%900 22Cr-17Pt-2Cu , 25Wrking Exanple 20FeAlSi ~ | 10*

| *259C0- 22Cr - | 25Wr ki n npl e 21FeTaC .
1* 259C0o- 22Cr - | %gtpreg(gﬁ it b%ﬁ RPSY l%f} Cgp'f%Eéﬁl sbcli aslcifl’aga,loss and to increase

1*259Co- 2 Wor ki ng Exanp-e 23CoZrNb ' S* 1*259Co0-22Cr-| 7Pt - 2Cu
. 25W\r k%fﬁ'g%rléx %“g“gﬁ?ﬁ’r’ CozrNb , 20* 1*259Co-22Cr-17Pt-2Cu ',, 25Wrkin Exam

e 25016 - 400 MBSRERIERLo A A abubl LAY

(t hi cknegsienfon e haRRl@r 4] HEwORL thdSd ) erRENLME TEMANEIORTNE Flowin
CHARACTERI STI CSCHARACTERI 'STI CSTHERMAL STABI LI TY' ERROR RATE( % DECADE) He

(Ce) M/ Mexambies.(Ce) 10- xWor ki ng Exanpl e 15. 6- 0. 544900. 981220W)rk| ng Exanpl e
195. 5- 0. 64330 ~0.98 ' ~1000Wor ki ng Exanpl e 205. 3-0. 64300 ~0. 95 ~1050Wr ki ng
Exanpl e 2Workin®@ER43PR 1)0. 93 , 1080Wr ki ng Exanpl e 225. 8-0. 74500 ;0.93 113 |
OWor ki ng Exanpl e 235. 0-0.643000.91 ,11 | OWrking Exanpl e 245.5-0. 54420

' 0. 971200Wr ki Agwishadnglass 2B5tr&e QexbetbdlGliarDetO6df 1280 indhes Banubsctined dgdraent from
Table 4, in all Wrking Exanples, excellent read/wite characteristics

coul d be C@@t\msm@uin tbvﬁ?mufmglaﬁmanipﬂz@@rzéam g@pndtrentsheticsgeappaiaiisr as in

Wor ki ng Exa e except for selecting the material and the thickness of
the ori thIEEHﬁ\ EoHt0pl angliaftes eyagantion ainn ithe ﬁ'léfbf%th‘mh%@ﬁ@Ff BP f2#br di ng

mag: g \glfer Wg@g%@ﬁl%’ %Eglcgéiiﬁgp,eassolﬂrxgg%yew Iupger(r:oea% %‘?rﬁtz Elncknegsn?bb nmr) %(':agr ding
formed on the glass substrate using a target comprising 89Co-4Zr-7Nb (Co content: 89 at%,
Zr content: 4 at%, Nb content: 7 at%) at a substrate temperature of 100°C or lower.
Using a vibrating sample magnetometer (VSM), it was confirmed that Bs-t, that is, the
product of the saturation magnetic flux density Bs of this film and the film thickness t, was
110 (T+nm).

After heating the substrate to 200°C, an orientation control film 3 having a
thickness of 20 nm was formed on the soft magnetic undercoat film 2 using an Ru target
and an intermediate film 4 having a thickness of 5 nm was formed thereon using a
65C0-30Cr-5B target, and then a perpendicular magnetic film 5 having a thickness of 25
nm was formed thereon using a 59Co0-22Cr-17Pt-2Cu target. In the sputtering step, a film
was formed under a pressure of 0.5 Pa using argon as a process gas for forming a film.

Next, a protective film 6 having a thickness of 5 nm was formed by a CVD
method.

Next, a lubricating film 7 made of perfluoropolyether was formed by a dip coating
method to obtain a magnetic recording medium (see Table 2).

(Working Examples 2 to 15)



characteristics and thermal stability were eval uated. These test results
are shown in Table 5. [ Tabl e 5] SOFT MAGNETI CORI ENI ATI ON CONTROL
‘FI-.LMPERPENDI CULAR MAGNETI C FI LMUNDE | LM NTERMEDI ATE COVPCSI TI ON | Bs-t
COVPCSI TI ON ~THI CKNESS ~STRUCTUReFI L OSI TI ONTHI CKNESS

~Twm) nnEat %9 (nmMWor ki ng Exanpl e 1CoZrNb ' 110Ru ' 20 , hcp?*

159Co0- 22Cr - | 7Pt - 2Cu25Wor ki ng Exanpl e 26CoZr Nb110RuCr 20 ' hcp*

159Co0-22Cr - | 7Pt - ZCu25Wor ki ng Ex | e ~ZCoZr Nn110Hf ' 20hcp* ..

L2000, 550 - | vt IBE8 SmaS eI LA T LS el D eP b o popTesition or
159Co0-22Cr - | 7Pt - 25Wor ki ng Exanpl.e.29CoZr ~110Pd ' 20 'fce* )

2 acn. 5o GRS BF PSR T ERBI AT S Ees e o arefisrecosing median ous

| 59Co0-22Cr-| 7Pt - Og %ﬁg *algl ER1~ZEDI ATE FI LM 65Co-30Cr-5B (thickness:
5 nn) [Tabre ’%ﬁm‘?%c WET HT8dT~' READ WRI TEMAGNETOSTATI C

CH. ARACT dn%gﬁ%%%%%% STI CSTHERVAL STABI LI TYERROR RATE( % DECADE) He
(Ce) "M/ - Hn Wor ki ng Exanpl e 15. 6-0. 544900. 98 ' 1 220Wor ki ng

Ex | e 265. 5- j: I = : 50Wor Ki
S T
10Vr Ki NgmEXRmR ! Bim30@hier ks 845100 WasHB &M LD 1 CLI2 481715 12RPAE Ggntl oM
Table 5, excellent read/wite characteristics could be obtained by a

const r ucte@dydis MetiamWdsehdnifadda¥d ge dublegp structural, fcc structure, or
anor phous structure in the orientation control film3. (Wrking Exanples 31

to 33) | n(Qdagasaive Brampss 2a8 7)n Wor ki ng Exanpl e 1, except that the soft
magneti ¢ undercoat film 2 was oxidi zed by exposing the surface thereof to
an oxygen- cont dinrhaspngamaiEn pe innWpdeng Exddiiec Crcept30sditting Hiddoohditmns ai r ) ,
magneti c recording nmedia were manufactured (see Table 6). Wth respect to
magnet i ¢ afdbopdpeiyiadali magictic s apshvn g |raggnetie sadpwhing media were
characteristics and thermal stability were eval uated. These test results
are showdnpfggpied (ge Table 2).

With respect to magnetic recording media of these Working Examples and
Comparative Example, read/write characteristics and thermal stability were evaluated.
The evaluation was conducted using a read write analyzer RWA1632 manufactured by the
GUZIK Co. and a spin stand S1701MP.

In the evaluation of magnetic characteristics, measurements were conducted at a
recording frequency of 520 kFCI using a magnetic head wherein a single magnetic pole
head is used at the writing portion and a GMR element is used at the read back portion.

The evaluation of the thermal stability was made by calculating the decrease rate
(%/decade) of the read back output after writing at a track recording density of 50 kFCI
under the conditions of 70°C based on (Sp - S) X 100/(Sy X 3). In this equation, Sy
denotes the read back output when one second has passed after the signal recording onto
the magnetic recording medium, and S denotes the read back output after 1000 seconds.
The above value is an index of the thermal stability.

These test results are shown in Table 2.



-0 m e
Sca_d3
=g m.Z ~ NI (1
S 1n. . ddmn
1 _EE.g dg & -ID0£-00$9 INTL L BAERRUIO)
M o € TEIQS o (g :ssawyory) g5 aNIZ0D wwwacaxm sapereduiody
0@ m (- m mv 011 1700 g rexq ®>_HN.HN&EOU
S—E© £ o c Y] N § aidu dwio)
o - mru_._vuu N~ . @E 0z 0y mm  aNizZoD p oidurexg B duio
_% s 5K 7 R W -0305 M* o e orr | QZ“WMW ¢ maﬁmmm anyereduio)
0 m S8-Cod al i L 0z e ol | g z u_mwwxw anferduio
Q= - N Y . 0T Id9-10TT- g [ I 91 sur 100
‘o DCT-0PS Is 0z 0l NIZ0D) ajdurexg Sury
)] O G = n3ZAdLIHDST y 1 q s19l DHIOM
~ = o ~-IDG1-0099 I 01 1700 durexz Suny
W & 3NN Gz TE s roﬁm I, N o oLl D_zmou vl U_a%a unpiom
BVE o2 L . @ 0)6-1dL [T . 0¢ m my o1l an o . Sunpiom
, m - T, EvM WLI-IDL1-0099 | 0C | ny : qQNIZ0D Al U—QE(VW . o
8 fm M o -0D19 I 0z m orL 1700 durzxg Sunpiopm
CEZ Lo "W 2 LI-IOTCC " R I AN LAl Bunpom
EXERT S REGOQN | Mbomwels L v o anezod PR ek
— — Q- -1D7Z-0065 I _ 0 ) 1700 Texy Suny
= LR o@ = (i 65 . 0¢ nd oL ANz 621 Suppom
A_Mn 160 R m< 0 BOTAHLI-ITL-0D s o 0¢ nd 0Oltl ANIZ0D 3 g Buppiom
D — N w ! T E" (@] IEQNI.HUMNIOUV ﬂ* ON | .D,Nm ﬂZ.._NOU h D—ngm *
W« - % % > . nOTAdE =1D17-00¢9 | ™ 0z ! 011 NIZ0D 3 Qdem mcmvto\z/
N & e Yo rEto NOTAIS! -008S » e 011 a 93l Suryiop
— — 1 _ -IDIT 1 170D durexg Sul
W @) %u% @ 50 = U g -grnoz Ll [z-00%¢ o o nd 01l pzhwou 08 X Sunpog
‘xS LT © = “NOTALI-D “9¢ * 02 ,_ md L AN v olcue 10A\
i m — : m_._ww W M'mw % ﬂlw NDZAALI DI Z-005°9S L 0z ] ny OT ” qNIZ0D ¢ ajdwrexg m:_v_goﬁ
< ] a9°¢- -1D17-008S i | 0 1700 exq Supyo;
+— 1 TW < _ |EN\—. hQﬁN * ON —x_m DZ N ND—QE.F
Salapsiians HEEEE A I Ny | s
o N b -IDFZ-00¢ I z __ 1707
m L M 'R3 Wm T beammsiacai L o - T
0%- 5 N Sap0e oY AL LIOEE00T 56 L s (1) NOLLISOdNOD
~I GHlFE6  nogr -00809 | y o
=fa _W LR SR = :Um.o.ii.bmm-wwmm L () [HL ' NOLLISOdINOD - H«oummDZmD
0g0 113 HESh S WL SSaoIL o DILANOVI LdO [z 219e1]
— & — _ % I
= o TINI LIVING
M=y S I NOLLISOJNOD dIVIGINYEL TOULNOD NO
6284 mlmmmz@@m = ad
< S Q - FsseR BBrov avTnoIaNG R
/530 'S L
Q
mem 24, e
@LLzmaMRmmm
PEggab 222
o I~ |
— S ml C e C ..m L
o OWm (@) m o) _O %
=W o] ™M o
el Th= =3 o883 (M ~
=255<° s
.m m T m N N o 7} -
—N o
__H.W Fc mw -




2-0. 64530 ~0.98~ 1000Exanpl e 31_, Wor ki ng6. 1- 0. 64500 ; 0. 96" 1050Exanpl e
32Wor ki ng6. 4- 0. 546900. 99’ 1330Exan1|e 33" woO 31 As is apparent from
Tabl e 6, excellent read/wite characteristics could be obtained by
oxi di zing the soft magnetic undercoat 28i I m2. (Wrking Exanples 34 to 40)
In the same manner as in Wrking Exanple |, except for selecting the
material and the thickness of the internediate film4 as shown in Table 7,
magneti c recording nmedi a were manufactured (see Table 7). Wth respect to
magnetic recordi ng nedia of these Wrking Exanples, read/wite
characteristics and thermal stability were evaluated. These test results
are shown in Table 7. [ Tabl e 7] SOFT MAGNETI C UNDERCOATI NTERMVEDI ATE

FI LMFI LMORI ENTATI ONPERPENDI CULARCOMPCSI TI ON ~ Bs ~ t CONTROL FI LMCOVPGCSI TI ON

' THICKNESSNAGNETIC FILMat% ~ T wmat %' nm Worki ng Exanple 1CoZrNo , | 10*
165Co- 30Cr -5 ¥bLk+ng—ExanpLeA&ﬂ;ng¢¢L4_4£L-465£b=SOCr 5Pt
S*2Wor ki ng anpl e [35CoZrNb ; 110* 154Co-28Cr-1 OPt-8B 5*2Wrki ng Exanpl e
36CoZr Nb 110F 16@Co~ORu 5*2Wrking Exanple 37CoZrNo i I |l 0* 155Co-45B
5*2Wor ki ng ENB S S12@ 218 3 B%ag ki g3 Exanpl '@ 39Cozr Nb 110*
| 65Co- 30Cr - 5& ~' £ M5*2Vbrk|ng Exam | e 40CbZrNb“110* 165%0 30Cr-5B 40*2 *
ORI ENTATI Qg CONTROL FILM Ru (thickness: 20 nix) *2) FERPENDI CULAR
MAGNETI C FI L|# 59Cd-22Cr-171?t-2Cu (thickness: 25 run) [|Table 7]
(conti nued) D/ WRI TEMAGNETOSTATI C CHARACTERI STI CSCHARACTERI STI CSTHERMAL
STABI LI TYERRGR RATE( % DECADE) 10- xHe ( Oe) M IJMs- Hn ( Oe) Worlki ng Exanpl e
15. 6- 0. 54490 0 8122&Wb&kb%% Eﬁﬂ§°‘° 4»Gxg4830»LQcQ7I020v0rk|ng
Exanpl e 355. B0 I B BxEnpEe2485 8-9354290 : 0. 96,
1210Wor ki ng anple 375. 8-0. 64500 ; 0. 93 1260Vbrk|ng Exanpl e
385. 2-0. 940180, 91, |660Wor ki ng Exanple 395 2 0 44720 ~O 97 1350Wor ki n Exam
| e 404.6-0,4{?400198~'1300Wm7N "33
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"As is apparent from Table 7, in all Wrking Exanples, excellent read/wite
characteristics could be obtained. (Wrking Exanples 41 to 43) In the sane
‘manner as in Wrking Exanple 1, except %hat an undercoat film (thickness:
20 nm nade of 94Cr-bM was provi ded bétween the non-nagnetic substrate 1
and the soft magnetic undercoat film2 and a hard magnetic film8 shown in
Tabl e 8 was provided thereon, magnetic recording nedia were manufact ured

(see Table 8). Wth respect to nagnetic, recorgkgg medi a of these Working
Exanpl es, readAfr$ BrPaEhi1eet Bablest.iip dVorkiae drampes using BiGaGrltGisalloydaxingat ed.

Th | h i.n Tabl Tabl HARD MAGNETI C FI L T
MA?JS\IET} %ﬁ%ﬁﬁ%ﬁ%ﬁ% & m& to 25{ atf%)an% 38 u content of Eﬂ to 4Cat‘!;o MBOF
FI LM NTERVEDI , 4r ETH CKNESSOOVPOS] TI O Bs ot oSl TI ON

TH CKNESEEFE PERT BIRERGHQ fhm =ﬁh‘icg(ﬂ§%/%eﬁﬁ‘{1%‘%%\%aft@f@8%m KERIHT; 20
1Exanpl e 1\V\or Ki 4Co-200Cr -1 4Yt-2Cu 50CoZrNo ' | 10Ru ~ 20* 1Exanple

A1V Ki n&&@sfsza%ﬁmw%reﬂ- | 50CoZrNo | 10Ru , 20* | Exanple

42\0Nor ki n%%gg 165m ~E~1g%cﬁ§r Nb ~ 110Ru 20* 1Examle 4.~ * 1) 1NTERN EDI ATE
FILM 6585308 “8B"{thi 2kness: 5 nn) *2) PERPENDI CULAR MAGNETI C FI LM

> e orerrenDl Lo et R et R § BRAS r B LEREMEP b ke maner
Fi LNERRO&OWI@U‘&M)%%%}‘ the'two layers, magnetic recording media were manufactured
(see Table 3).

In Table 3, the composition of the perpendicular magnetic film 5 is indicated by
the “composition of the lower layet/composition of the upper layer”. Also the thickness
is indicated by the “thickness of the lower layer/thickness of the upper layer”.
(Comparative Example 8)

In the same manner as in Working Example 1, except for selecting the conditions
of the perpendicular magnetic film 5 as shown in Table 3, magnetic recording media were
manufactured (see Table 3).

With respect to magnetic recording media of these Working Examples and
Comparative Example, read/write characteristics and thermal stability were evaluated.

These test results are shown in Table 3.
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-, 1150NONEExanpl e 42Wor ki ng* 25. 3- 0. 64440 '
SLI GHT SPI KE NO SE GENERATED AT QUTER#PERI PHERY

“Hn (Ce) He (Ce)10,Wrking *2 5.6 -0.5 4490 0.98 ~ 1220 *3Exanpl e

0.
0.96 11 BONONEExam | e 43 w *3:
35 As is apparent from
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Tabl e 8, spilke-l4,kg noi se caused by a magnetic wall in the soft magnetic
under coat flka Zﬁcould JHe spppressed and read/wite characteristics could
be i nproved t@LEElde:oe@p‘ ating the read/wite characteristics by
provi di ng the ha@aenagneﬂc film8. Industrial Applicability As descri bed
above, in the mafngtic recordi ng medi um of the present invention, the
per pendi cul ar smagngti ¢ firtmis made of a material which contains Co, C, Pt
and Cu, the |C2 contlent being 16 at%to 24 at%and the Cu content being 0.1
to 4 at% Theoefore, re:@d/wrlte characteristics can be inproved, and
nor eover, and!%t her nalgsg %3& ity can be inproved.
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36 CLAIMS: 1. A magnetic recording medium conprising: an orientation
control filmthat controls the orientation of a film provided directly
"t.her eabove, a perpendi cul ar magnetic L#gbm of which the axis of easy
magneti zation is generally oriented p endi cular to a non-magnetic
substrate, and a protective film that are provided on the non-magnetic
substrate, wherein the perpendicular nagnetic filmis nmade of a nateri al
which contains Co, Cr, Pt and Cu, the Cr_content being 16 at%to 24 at% and
the Cu content Asés agpacent framodable 3 MedngdramplesosingialeoGidtcealloxtp fofmehe
per pendi cul ar magnetic filmbeing at | east 3000(0e), negative nucleation
field (-Paperdirda mpgesic ibmISooime layenghighhas ¢ b1 eonteiit dade 2fapet Pizat i on
(M) to saturation magnetization (Ms) being at least 0.85 2. The magnetic
recor di n§oHeidiifae ¢dade Apd & Sucraiers af 0. W%‘? &i7h exhibitsgpglishbieadMare magnet i ¢

filmhas Cr content from 18 %to 24 _at%. a.Pt. cont froml1l4d at%to 24
at % andCQareﬁere%'ﬁﬁ BhEOIRRAS Yf%tﬁ%g’ﬂlb}%af%wg Epgples in Wh@gﬁé&%ﬁ@ o 8Phg

medi um according to clains |, wherein the perpendicular magnetic film

conpri se¥*4t | east one of CoCrPtCu alloy, CoCrPtCuTa alloy, CoCrPtCuB alloy

and CoCr | Jhe magnetic recordi ng nmedi um according to clains
AR e

1, where gnetic filmnmade of a hard magnetic material is

provi ded betwe - i : a : eti c under coat
i 5. The m e A Y b bl e L T
magnet | Zb&gp&lit?&i o Bt PRabhdiO UL &R iR B8 hoWRIATHBIE 4MRE éti%'redo%diﬁ%ov' ded
above the perpendi cul ar magnetic film 5. A nethod of manufacturing

magnet i ¢ fe@ROL&H: Rthn0RAhED (s¥dTle gpNpri ses formng at | east an orientation
control filmthat controls the orientation of a filmprovided directly

t her eabove, a Ppéthpesdicciol magnerdgreebiding mkdinof thabd Blarldng Exahplessyad/write
magneti zation is generally 37 oriented perpendicular to a non-magnetic
subst r at eharanteisticpawt thetmnnal etabilityweomeviahetadon Thresgriedt resulis bstshawe in Wil e
controlling so that the perpendicular magnetic filmis nade of a materi al
whi ch cofitains Co, O Pt and Cu, the O content is 16 at%to 24 at% and the
Cu content is 0.1 at%to 4 at% and that a coercive force (Hc) of the

per pendi cul ar magnetic filmis at |east 3000(0e), negative nucleation field
(-Hn) is 0(0e) to 2500(0e), and a ratio of residual magnetization (M) to
saturation magnetization (Ms) is at least 0.85. 7. A magnetic read/wite
apparatus conprising a magnetic recordi ng nmedium and a nagnetic head that
records information on the nagnetic recordi ng nmedi um and reads back the

i nformation, wherein the magnetic head is a single pole type head and the
magneti c recordi ng nmedi um conprises at |east an orientation control film
that controls the orientation of a filmprovided directly thereabove, a

per pendi cul ar magnetic film of which the axis of easy magnetization is
generally oriented perpendicular to a non-magnetic substrate, and a
protective film that are provided on the non-nmagnetic substrate, wherein

t he perpendi cul ar magnetic filmis nade of a material which contains Co,

Cr; Pt and Cu, the C content being 16 at%to 24 at% and the Cu content
being 0.1 at%to 4 at% and a coercive force (Hc) of the perpendicul ar
magnetic filmbeing at | east 3000(0e), negative nucleation field (-Hn)
being 0(0Oe) to 2500(0e), and a ratio of residual nagnetization (M) to
saturation magnetization (Ms} is at |east 0.8S.

.An. Asf. A{f. Ah. As{f.As@. ALy. AsUf. Ah. A'f. AfA Y. AOL. A" . AL9. ALL. As_. AAL. A" hL
.A9A. (A Y5 . AsEA V3k. A LSA. Y. A*A sm Ae&A. #Y . A *A

.As( A F. Af % ALS. AsyKn} &[ "$&i

sz@G xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] cRa! GLwo W'Y

SITTK'" " #$$B% WERM&&&, ' {' ' (a(c(}xsnid_Z] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca! c(/t0v0s136
88>: E=>+AJA' BCvENHQHHH2I1 | J) K{ KK LMV

NNNNGC} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! CeOOPP<PxPPQpQyQQ RVRRRBSWSSSETTT2U=
UUUVAVWNNWABX} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! BXXXDYYYZ\ ZZ[\\/]]] "2 "™ s
"0 Qbbb”ccc&dsdd} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ddDee3f ffffg\gghchfhhh)i zi
ii+)jjk{kkk%% 3mmi nKn} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! KnnnJoi ooppnppgi qqr Zr
vrrsrsssvuur vvw wwx CxFx. {} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca! mQ c<4De}xsnid_Z
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113, #10%@& ()-[! bl0%@& ()- 3"10%@& ()-Y "~ 10%@& ()- 10z 10z
10z*Z"10% & ()- GLAEbC '™ Y. 109%@& ()-f, 310%@& ()-3 *s10%@& ()- 3

(109%@& ()-3 &10%@ ()- YBL0%@& () - Lwdo T g VWY xnbC ! fs10%&' ()- 10@ 10@
10@510%@ & ()- 3" 10%@&' ()- 210%& ()- SOF10%@& ()-Y S!'!1!K"dENDC
111109 ()- 109 ()-1 109 ()- 109% ()- F"10% () -

109&' () - K""" #$$BUdENDC |1 %8 1098 () -, #109& ()-'!10% ()-S

109 () - 310% (12\;, issla%%egex(l? ﬁ-g%rmg‘%qu Vn}())ﬁ(ing Examples, excellent read/write

characteristics could be obtained.
(Working Examples 26 to 30)

In the same manner as in Working Example 1, except for selecting the material
and the thickness of the orientation control film 3 as shown in Table 5, magnetic recording
media were manufactured (see Table 5).

With respect to magnetic recording media of these Working Examples, read/write
characteristics and thermal stability were evaluated. These test results are shown in Table

5.
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98 10%&' () - SJA BaCCCD$EzX6aS4! VI [1 1090 T& ()- !d! 10%T& ()- !109F& ()-

V3" 109%&' ()- ! 3"10%d0To& ()- !d3" 10%{%' ()-
$EVEFGKHLHVHNHQHz | AP1! @ 109&' () - 10TT 10TT
10TT! d(t! 109 T& ()-!n(t! 109MIME () -(t!1090& ()-!Q 10%& () -
QHHH21 1 J) KAEAPL! @ 10940%&' () -: ! 109&' () - 109%& () - 109%&' () -
"T109& ()-f109%& ()-) K{KK LALMVbC P1! @ 10%s* 10%&' () - SF" 109%&' éé .
dsF"10%& ()- @rosePRayet duog Table Hoggeelienprerpivmite et eistig 4094 baobgines- © 4s
109%&' ()-", 21 109& g.) - LO109%& (tg % F109&! ((42 -, 10%&1' Q - O06P7P8PIP<PXxPPbC! @ 10%
109%g& () _bi@%g&st(t)c_lpp 11@1@)@ &nez) _rlai avlpg an hep structural, fce structure, or amorphous

10° 93" 10%& () - 7109&' () - P | RyRAFbC! @ 10% 10%g& ()-f 10%g& () -
s épt(y?&' (1 f?&‘g‘é@d&%@l‘g%@ﬁégﬁ%ﬁ%l%ﬁ)ﬁ ()-VRRRBSV\SS%dE(b)C! @ 10%g ! 18/@1&' ()-:10%
%0%}&' ()?@&%%E(i‘m%‘ég%r%ﬁwmo @ 10% 10%g& () - *310%g&' ()- (10%g& () - &ML0%

g& ()- % : 13 :
10098 () - @ 10948 ) DERRNIAKN BN & ToBE Fobe8F P BRI 50 B 38 % 006 & () -
10g undercoat film 2 was oxidized by exposing the surface thereof to an oxygen-containing gas

(pure oxygen (100% O,), 50% O, - 50% Ar, or air), magnetic recording media were
manufactured (see Table 6).

With respect to magnetic recording media of these Working Examples, read/write
characteristics and thermal stability were evaluated. These test results are shown in Table

6.
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[Table 7]
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*1) ORIENTATION CONTROL FILM: Ru (thickness: 20 nm)

el

Working Examp
Working Examp
Working Examp
Working Examp
Working Examp
Working Examp
Working Examp
Working Examp

THERMAL STABILITY
(%/DECADE)
05
06
0.6
0.5
0.6
0.9
0.4
0.4

READ/WRITE
CHARACTERISTICS
ERROR RATE
(107%
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5.4
5.9
5.6
5.8
5.2
5.2
4.6
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e34
e35
e36
e37
e38
e 39

— ot ettt

*2) PERPENDICULAR MAGNETIC FILM: 59C0-22Cr-17Pt-2Cu (thickness: 25 nm)
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[Table 7] (continued)
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As is apparent from Table 8, spike-like noise caused by a magnetic wall in the soft
magnetic undercoat film 2 could be suppressed and read/write characteristics could be
improved without deteriorating the read/write characteristics by providing the hard

magnetic film 8.

Industrial Applicability

As described above, in the magnetic recording medium of the present invention,
the perpendicular magnetic film is made of a material which contains Co, Cr, Pt and Cu,
the Cr content being 16 at% to 24 at% and the Cu content being 0.1 to 4 at%. Therefore,
read/write characteristics can be improved, and moreover, and thermal stability can be

improved.
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CLAIMS:
1. A magnetic recording medium comprising:
an orientation control film that controls the orientation of a film provided directly
thereabove, a perpendicular magnetic film, of which the axis of easy magnetization is
generally oriented perpendicular to a non-magnetic substrate, and a protective film, that are
provided on the non-magnetic substrate, wherein

the perpendicular magnetic film is made of a material which contains Co, Cr, Pt
and Cu, the Cr content being 16 at% to 24 at% and the Cu content being 0.1 at% to 4 at%,
and

a coercive force (Hc) of the perpendicular magnetic film being at least 3000(Oe),
negative nucleation field (-Hn) being 0(Oe) to 2500(Oe), and a ratio of residual
magnetization (Mr) to saturation magnetization (Ms) being at least 0.85.
2. The magnetic recording medium according to claim 1, wherein the perpendicular
magnetic film has a Cr content from 18 at% to 24 at%, a Pt content from 14 at% to 24 at%,
and a Cu content from 0.1 at% to 3 at%.
3. The magnetic recording medium according to claims 1, wherein the perpendicular
magnetic film comprises at least one of CoCrPtCu alloy, CoCrPtCuTa alloy, CoCrPtCuB
alloy and CoCrPtCuTaB alloy.
4. The magnetic recording medium according to claims 1, wherein a hard magnetic film
made of a hard magnetic material is provided between the non-magnetic substrate and the
soft magnetic undercoat film.
5. The magnetic recording medium according to claims 1, wherein a magnetizing
stabilization film made of a soft magnetic material is provided above the perpendicular
magnetic film.
6. A method of manufacturing a magnetic recording medium, which comprises forming
at least an orientation control film that controls the orientation of a film provided direcily

thereabove, a perpendicular magnetic film of which axis of easy magnetization is generally
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